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Response of Turtlegrass to Natural and Reduced Light Regimes 
Under Conditions of Rhizome Isolation 
SILVIA E. IBARRA-0BANDO, KENNETH L. HECKJR., AND PATRICIA M. SPITZER 
To evaluate if rhizome integrity influenced the response of tnrtlegrass (Tizalassia 
testudinum) shoots to experimental light reduction, we performed a field experi-
ment in Perdido Bay, FL, from May to Oct. 2001. We used a factorial design, with 
light, rhizome integrity, and time as main factors. Light was reduced to about 40% 
with respect to ambient irradiance by means of a polyethylene mesh, and rhizomes 
along the external border of the 0.5-m2 experimental plots were severed with a 
knife at the beginning and middle of the experiment. Severing surrounding rhi-
zomes had a significant (P < .05) negative effect on net aboveground primary 
production (NAPP), but this was only apparent from June to July, and there were 
no significant severing effects on aboveground biomass. Shading showed negative 
effects through time on aboveground biomass and NAPP, although the differences 
were not significant. Time was significant for belowground biomass, NAPP, shoot 
density, and leaf length and width and there were significant time-by-shading in-
teractions for NAPP, aboveground biomass, and density. We conclude that the 
results of tnrtlegrass shading studies done over several months during the peak 
of the growing season are not influenced to any large extent by whether rhizomes 
are intact or not, indicating that previous studies of the effects of shading on 
tnrtlegrass can be compared without bias. 
N umerous experiments have been conduct-ed in order to understand the effects of 
light reduction on seagrass biomass and 
growth (e.g., Backman and Barilotti, 1976; Bul-
thuis, 1983; Neverauskas, 1988; Gordon et al., 
1994; Czerny and Dunton, 1995; Fitzpatrick 
and Kirkman, 1995; Lee and Dunton, 1997; 
Ruiz and Romero, 2001). Results from these 
studies show substantial variation in the mag-
nitude of responses, depending on season and 
the level of shading (Fitzpatrick and Kirkman, 
1995). Carbohydrate translocation to rhizomes 
under low light conditions is recognized as a 
means of overcoming unfavorable growing 
conditions, and it is employed by both terres-
trial and marine clonal species (e.g., Hartnett 
and Bazzaz, 1983; Fourqurean and Zieman, 
1991; Rey and Stephens, 1996; Marba et al., 
1996; Lee and Dunton, 1997; Alcoverro et al., 
2001). However, the extent to which seagrass 
responses to light reduction are influenced by 
clonal integration is incompletely understood. 
Our search of the literature on shading ex-
periments with seagrasses identified two 
groups of studies: 1) those that did not take 
into account the effect of clonal integration of 
seagrass shoots on the observed results (e.g., 
Backman and Barilotti, 1976; Bulthuis, 1983; 
Ruiz and Romero, 2001) and 2) those that did 
account for this effect by severing rhizome con-
nections at the border of the shaded areas to 
interrupt rhizome connections (Neverauskas, 
1988; Tomasko and Dawes, 1989; Gordon et 
al., 1994; Czerny and Dunton, 1995; Lee and 
Dunton, 1997). This second group of studies 
contains a great deal of variability in sample 
size and in the length of the experimental pe-
riod. For example, sample size varied from a 
single shoot (Tomasko and Dawes, 1989), to 
hundreds (Czerny and Dunton, 1995; Lee and 
Dunton, 1997), or thousands of shoots in ex-
perimental plots (Gordon et al., 1994; Never-
auskas, 1988), and the duration of the experi-
mental period has ranged from 2 wk (Tomasko 
and Dawes, 1989) to 16 mo (Lee and Dunton, 
1997). 
Conflicting results can be found in the shad-
ing responses of plants connected to, or isolat-
ed from, their neighbors through rhizome sev-
ering. For example, during winter and spring, 
similar leaf growth rates for unsevered Hetero-
zostera tasmanica shoots under four shading 
treatments and an unshaded control were re-
ported by Bulthuis (1983). Similarly, severed 
Thalassia testudinum shoots showed no signifi-
cant differences in leaf elongation rates be-
tween shading treatments [reductions to 14% 
and 10% of surface irradiance above the sea 
surface (SI)] and controls (50% Sl) in spring 
and winter (Czerny and Dunton, 1995), and 
increased leaf length as a result of light reduc-
tion has been reported for both unsevered 
(Bulthuis, 1983) and severed shoots (Never-
auskas, 1988). On the other hand, unsevered 
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Zostera mmina shoots showed reduced density 
in only 18 d after shading (Backman and Bar-
ilotti, 1976), whereas severed Posidonia shoots 
maintained their density during 6 mo of shad-
ing (Neverauskas, 1988). 
One could argue that the above studies are 
not truly comparable, because species, loca-
tions, seasons, and lengths of the experiments 
were different. However, when results frmn the 
two studies in which the response to experi-
mental light reduction on severed and unsev-
ered rhizomes was simultaneously analyzed, 
the same type of variability in clonal integra-
tion was observed. For Posidonia australis, Fitz-
patrick and Kirkman (1995) found that cutting 
rhizomes had no effect on leaf growth in either 
a shading treatlnent (clear and black plastic 
shades) or in unshaded controls. Rey and Ste-
phens (1996) found a significant reduction in 
soluble carbohydrate content in leaves and rhi-
zomes of severed shoots of Syringodiu.m jiliforme 
after 40 d, but they also noted that severing 
rhizomes had no effect on unshaded plots. 
With this inconsistency in experimental de-
sign and outcome of previous studies in mind, 
we investigated how rhizome integrity might 
influence T. testu.dinum responses to shading. 
From a management perspective, it is impor-
tant to know if rhizome severing could influ-
ence the results of shading studies that have 
been used to set water clarity standards to pro-
tect seagrass meadows. For example, failure to 
sever rhizome connections could give mislead-
ing results about the amount of light required 
for seagrass growth and survival if stressed 
shoots were subsidized by unstressed shoots 
outside the experimental plots. To evaluate the 
effects of rhizome integration on the response 
of turtlegrass shoots to shading, we manipulat-
ed light levels and rhizome integrity during the 
major portion of the turtlegrass growing sea-
son. 
MATEIUALS AL'\ID METHODS 
Study Site.-Perdido Key is located in northwest 
Florida near the Alabama border (30°18.5'N 
87°23'W). It is a natural barrier island stretch-
ing for about 23 km along the northern Gulf 
of Mexico. The climate is subtropical with an 
average summer temperature of 27 oc and av-
erage winter te1nperature of 13 °C. Average 
rainfall is 157.5 em. Lunar tides are diurnal 
and average 0.5 m. Winds are predominantly 
from the northwest in winter and the southeast 
in summer, and they control the height of 
waves and direction of long-shore transport 
(Kent, 1976). The waves have moderately high 
energy, with breaker heights between 27 em 
and 1.5 m (Gorsline, 1966). Major rivers drain 
into Pensacola Bay and into the Gulf of Mexico 
through Pensacola Pass, at the eastern end of 
Perdido Key. Variable flow regimes sometimes 
set up an east-west salinity gradient along the 
exposed shoreline, depending on winds, tides, 
and river discharge (Schropp et al., 1991; Rak-
ocinski et al., 1996; Wear et al., 1999). Sedi-
ment is dominated by fine- to medium-grained 
quartz sand with small amount of shell hash 
and organic matter ( < 6%) (Kent, 1976; Rak-
ocinski et al., 1993). Monospecific and mixed 
beds of the three seagrass species most widely 
distributed in the Gulf of Mexico, and along 
the coast of Florida are present: T. testudinum 
Banks ex Konig, Halodule zmightii Ascherson, 
and S. jiliforme Ktitzing (Wear et al., 1999). The 
site selected for this study is known as johnson 
Beach, and it is located within the federally 
protected Gulf Islands National Seashore. T. 
testudinum was selected for study, because it is 
the dominant species in the extensive seagrass 
meadows in the Gulf of Mexico and the Carib-
bean Sea (Den Hartog, 1977). 
ExjJedmental design.-A shallow seagrass bed 
(about 1.5 m depth) dominated by T. testudin-
um but also containing smaller amounts of H. 
wlightii, was selected for study. The experimen-
tal area in the bed was selected haphazardly 
and the location of each treatment was ran-
domly assigned (randomized block design). 
For each tt·eatment, square plots of 0.5-m2 area 
were marked with rebar stakes and PVC tubes 
at the four corners. 
The effects of variation in light and rhizome 
integrity were tested over a 5-mo period during 
the major part of the growing season. For light, 
ambient (control) and an approximate reduc-
tion to 40% from ambient were used. The light 
reduction to about 40% was established as a 
midpoint of reported values of 50% reduction 
during brown tide conditions (Dunton, 1994; 
Onuf, 1996), and 35-50% under prior experi-
mental manipulations (Bulthuis, 1983; Never-
auskas, 1988), both of which produced signifi-
cant changes in structural and functional char-
acteristics of seagrass species. In addition, in 
Perdido Bay, a local 50% reduction in SI levels 
because of dock shading was reported by Sha-
fer (1999). This also guided our choice of 
shading level. Irradiance at the bottom of each 
experimental plot was measured twice a month 
with a Lie or spherical ( 4 II) sensor and LI-1 000 
data logger. These readings coincided with 
field trips to mark and retrieve shoots for as-
sessment of net aboveground primary produc-
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tion (NAPP; see below). Light readings were 
always made at the beginning of the sampling, 
before sediments had been disturbed by inves-
tigators. 
Light was reduced with 0.635-cm polyethyl-
ene mesh attached to the top, south, and east 
sides of rebar frames placed in the randomly 
selected plots. By placing the mesh on these 
three sides we were blocking the summertime 
incident radiation without turning the experi-
ment into an "enclosure experilnent". Every 
month, at the end of the sampling, the mesh 
was scrubbed to reduce the cumulative effects 
of fouling and siltation on photosynthetically 
active radiation (PAR) within the cages (Val-
entine and Heck, 2001). Light data were nor-
malized relative to the unshaded control, be-
cause we were interested in expressing our re-
sults relative to arnbient in situ light, not to 
surface light. Light intensity in experiments 
such as these is generally expressed as a per-
centage of SI. However, we believe that a more 
appropriate way of comparing shaded vs am-
bient conditions is by normalizing shading in-
tensities to ambient (control) intensities, the 
reason being that there is no shoot growth un-
der control conditions if the control is SI, be-
cause shoots will be damaged by excessive solar 
radiation. For comparative purposes, we can 
express measured light intensities as % SI 
Mean :±: 1 SE for ambient and shaded condi-
tions are: 37.76 :±: 2.03 (n = 87), and 13.99 :±: 
1.15 (n = 87), respectively. In other words, 
light intensity measured at the bottom of the 
unshaded plots already represents 40% of SI; 
the shading reduced treatment conditions to 
about 40% of the unshaded. 
Rhizome integrity was interrupted along the 
external border of the 0.5-m2 experimental 
plots by severing the root/rhizome layer in the 
upper 15 em of sediment at the beginning and 
middle of the experiment with a large knife 
(c.f. Heck and Valentine, 1995). For each treat-
ment four 0.5-m2 replicates were used, giving 
a total of 16 plots. 
The experiment lasted approximately 5 mo, 
from June to Oct. The following variables for 
T. testudinum were measured on a monthly ba-
sis: shoot density (number of shoots m- 2); av-
erage number of leaves per shoot; length and 
width (mm) of oldest leaf; above and below-
ground bimnass [g ash-free dry weight 
(AFDW) m-2]; epibiont biomass (g AFDW 
m-2); and NAPP (g AFDW m-2 d-1). 
Field and laboratory work.-Cores of 7.6 em in-
ternal diameter X 15 em deep were used to 
collect T. testudinu.m from individual plots; sam-
pled areas were 1narked with plastic flags in-
serted into the sediment to prevent resam-
pling. Seagrass samples were sieved through a 
1.0-mm mesh, placed in marked plastic bags, 
and kept cool until arrival to the lab where 
they were frozen for later analyses. Cores pro-
vided material to assess shoot density, average 
number of leaves per shoot, length and width 
of oldest leaf, epibiont biomass, and above-
and belowground turtlegrass biomass. 
Turtlegrass epibionts were removed by scrap-
ing leaves with a razor blade, and their biomass 
( :±: 0.01g), along with that of the leaves to 
which they were attached, was determined by 
placing the material in aluminum pans, oven 
drying the material at 60 C for 24 hr, and ash-
ing dried samples in a muffle furnace at 500 C 
for 5 hours (Valentine et al., 2000). Roots and 
rhizomes were processed similarly. 
Areal NAPP was assessed by the method de-
scribed by Dennison ( 1990). For each plot, all 
turtlegrass leaves on all shoots inside a 0.01-n'l2 
quadrat were marked with a probe at the top 
of the leaf sheath. Marked shoots were flagged 
to facilitate relocating them after 11 to 14 d, 
when they were removed with a corer and re-
turned to the lab where they were frozen until 
being processed. Areal NAPP was estimated by 
measuring new growth distal to the hole in 
punctured blades, and all new growth of un-
punctured leaves that appeared on the marked 
shoots. Biomass of all new leaf tissue formed 
during the 11-14 d incubation period repre-
sented aboveground production. This material 
was dried to constant weight(:±: 0.01 mg) at 60 
C, and its AFDW determined as indicated pre-
viously for leaf biomass. Production was ex-
pressed as g AFD\1\T m-2 cl-1. 
Water temperature and salinity were deter-
mined during every visit to the field with an 
Orion 140 conductivity meter. 
Statistical nnalysis.-Treatment effects were an-
alyzed with a mixed three-way ANOVA, with 
light and rhizomes as fixed factors, and time 
as random factor. All data passed tests for nor-
mality and variance homogeneity. The signifi-
cance level was set at 0.05. The Tukey a pos-
teriori test was used to identify where the sig-
nificant differences were located. Software 
used was Sigmastat 3.1 and Sigmaplot 9.0 (SYS-
TAT Software Inc). 
RESULTS 
Environmental conditions.-Mean water temper-
ature during the study period was 26.9 :±: 1.1 
oc ( :±: 1 SE). Values of 29 oc or higher were 
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Fig. l. Turtlegrass aboveground biomass (g AFDW m-2 ) as a function of light, rhizome integrity, and 
time. Bars represent ±1 SE. 
measured between 14June and 5 Sept., with a 
peak of 31.4 °C on 24July. A steady reduction 
characterized the end-of-summer-beginning-
of-autumn period, with a value of 17.9 oc re-
corded by the end of the experiment. Salinity 
varied between 30.3%o (15 May) and 24.0%o 
(20 Aug.), with a mean of 27.08 ± 0.6%o. Low 
salinities were associated with summer rains. 
Experimental conditions.-For the ambient treat-
ment (control), bottom light varied between 
210 ± 14 fLE sec1 m-2 on 20 Aug., and 1,625 
± 189 fLE sec1 m-2 on 12 July. The grand 
4
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TABLE 1. Aboveground biomass ANOVA values for main factors and their interactions. (* = significant 
differences.) 
Factors and interactions df 
Time 4 
Rhizomes 
Light 1 
Time X rhizomes 4 
Time X light 4 
Rhizomes X light 1 
Time X rhizomes X light 4 
F value 
1.787 
0.051 
6.042 
0.478 
3.732 
1.191 
0.471 
Pvalue 
0.143 
0.832 
0.069 
0.751 
0.008* 
0.336 
0.756 
TABLE 2. Belowground biomass ANOVA values for main factors and their interactions. (* 
differences.) 
significant 
Factors and interactions df 
Time 4 
Rhizomes 
Light 1 
Time X rhizomes 4 
Time X light 4 
Rhizomes X light 1 
Time X rhizomes X light 4 
F value 
6.444 
0.287 
0.653 
0.831 
1.682 
2.827 
0.156 
Pvalue 
0.0002* 
0.62 
0.464 
0.511 
0.166 
0.168 
0.959 
TABLE 3. Epibiont biomass ANOVA values for main factors and their interactions. (* = significant differences.) 
Factors and interactions df 
Time 4 
Rhizomes 1 
Light 1 
Time X rhizomes 4 
Time X light 4 
Rhizomes X light 1 
Time X rhizomes X light 4 
mean for the study period was 893 ± 51 f.lE 
sec1 m-2. For the shaded treatment values 
fluctuated between 52 ± 4 f.lE sec1 m-2 (20 
Aug.), and 652 ± 67 f.lE sec1 m-2 (24 July), 
with a grand mean of 325 ± 27 f.lE sec1 m-2. 
Average light in shaded treatments was 38 ± 
2% relative to unshaded conditions (n = 87), 
indicating that we achieved the reduction we 
were looking for, and that fouling and siltation 
effects were kept to a minimum. 
Response variables.-Between June and Oct., 
aboveground biomass was lower in shaded 
shoots than in ambient light shoots (Fig. 1), 
although severing rhizomes connections had 
no significant effect (Table 1). Belowground 
biomass increased significantly through time 
(Fig. 2), but no significant effects were associ-
ated with either shading or severing treatments 
(Table 2). 
F value Pvalue 
2.401 0.060 
0.133 0.733 
0.087 0.782 
0.943 0.445 
0.943 0.445 
8.274 0.045* 
0.639 0.637 
Epibiont biomass showed a significant re-
sponse to the simultaneous effect of severing 
rhizome connections and reducing light (Ta-
ble 3). However, this effect is visually evident 
in the data only in Oct. (Fig. 3). 
NAPP decreased significantly as a result of 
severing surrounding rhizomes, but this was 
most evident in July when values were signifi-
cantly less than in June (Tukey test, P = 
0.033) .The effect of light reduction through 
time negatively affected NAPP, producing a sig-
nificant light X time interaction, but no signif-
icant light effect (Fig. 4; Table 4). Shoot den-
sity showed significant differences through 
time, with a general trend to increase between 
June and Oct. (Fig. 5). There was a significant 
time X light interaction (Table 5). 
In addition, average leaf length showed a sig-
nificant effect of severing rhizomes that was 
only apparent in Sept. and Oct. (Table 6; Fig. 
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Fig. 2. Turtlegrass belowground biomass (g AFDW m-2 ) as a function of light, rhizome integrity, and 
time. Bars represent ±l SE. 
6). Average leaf width also varied significantly 
through time, with increasing values between 
June and Sept. Shading or severing treatments 
did not have any significant effect (Fig. 7; Ta-
ble 7). The average number of leaves per shoot 
did not show any significant difference as a 
function of time, shading, severing surround-
ing rhizomes, or their interactions (figure and 
table omitted). The overall mean was 3.01 ± 
0.1 leaves per shoot. 
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Fig. 3. Epibiont biomass (g AFDW /g AFDW scraped blade) as a function of light, rhizome integrity, and 
time. Bars represent ±1 SE. 
DISCUSSION 
Our results were characterized primarily by 
independent, rather than interactive, effects to 
variation in light or rhizome integrity. The only 
significant response to the interactive effect of 
light and rhizome integrity was in epibiont bio-
mass, although this result is difficult to inter-
pret. Overall, responses to light reduction were 
more common than were responses to severing 
rhizome connections, and the only obvious re-
sponse to rhizome severing was a reduction in 
NAPP from June to July. 
In an experimental study in which individual 
T. testudin'U'In short shoots were shaded and iso-
lated from their neighbors, Tomasko and 
Dawes (1989) reporled a reduction in leaf 
growth rate, when compared to shaded con-
nected short shoots and controls. Tomasko 
and Dawes (1989) did not observe the re-
sponse of isolated short shoots under natural 
light conditions, in order to determine wheth-
er shoots were responding to shading or sev-
ering treatments. In our study, we could not 
find a simultaneous effect of severing rhizomes 
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Fig. 4. NAPP (g AFDW m- 2 d- 1) as a function of light, rhizome integrity, and time. Bars represent ::':::1 SE. 
connections and shading conditions as found 
by these authors. We found that shaded con-
nected shoots reduced their NAPP with respect 
to the control, a result in disagreement with 
Tomasko and Dawes. This difference in re-
sponse may be attributed to experimental time 
span; our study lasted 5 mo, and theirs lasted 
only 2 wk. Our data indicate that physiological 
integration in T. testudinwn is present over lat-
eral distances of at least 0.5 m, the size of our 
enclosures. The use of quadrats of differing siz-
es could allow determination of the scales of 
this integration. For Cymodocea nodosa, Terra-
des et al. (1997) demonstrated that the pro-
8
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Fig. 5. Shoot density (# shoots m- 2) as a function of light, rhizome integrity, and time. Bars represent 
±lSE. 
duction of biomass by the apical meristem de-
pends on resources provided by shoots situated 
farther than 0.5 m from the rhizome apex. 
We noticed that the severing effect on NAPP 
seems to be a transient response; significant 
differences were only found from June to July. 
Morever, the Aug. severing did not produce 
any significant effect. A reduction in turtle-
grass blade productivity between Aug. and Nov. 
was reported by Tomasko and Dawes (1990) in 
Tampa Bay, FL. In their experiment, shoots iso-
lated from their neighbors by severing rhi-
9
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TABLE 4. NAPP ANOVA values for main factors and their interactions. (* = significant differences.) 
Factors and interactions df 
Time 4 
Rhizomes 
Light 
Time X rhizomes 4 
Time X light 4 
Rhizomes X light 
Time X rhizomes X light 4 
F value 
5.206 
12.562 
1.407 
0.467 
3.351 
5.334 
0.901 
Pvalue 
0.001 * 
0.024* 
0.301 
0.759 
0.015* 
0.082 
0.469 
TABLE 5. Shoot density ANOVA values for main factors and their interactions. (* = significant differences.) 
Factors and interactions 
Time 
Rhizomes 
Light 
Time X rhizomes 
Time X light 
Rhizomes X light 
Time X rhizomes X light 
df 
4 
1 
1 
4 
4 
4 
F value 
5.872 
0.259 
0.223 
0.791 
2.772 
0.745 
1.160 
Pvalue 
0.0004* 
0.637 
0.661 
0.535 
0.035* 
0.437 
0.337 
TABLE 6. Average leaf length ANOVA values for main factors and their interactions. (* = significant 
differences.) 
Factors and interactions df 
Time 4 
Rhizomes 1 
Light 1 
Time X rhizomes 4 
Time X light 4 
Rhizomes X light 1 
Time X rhizomes X light 4 
F value 
33.206 
9.732 
1.120 
0.154 
0.323 
0.181 
0.633 
Pvalue 
0.000* 
0.036* 
0.350 
0.960 
0.861 
0.692 
0.640 
TABLE 7. Average leaf width ANOVA values for main factors and their interactions. (* 
differences.) 
significant 
Factors and interactions df 
Time 4 
Rhizomes 
Light 1 
Time X rhizomes 4 
Time X light 4 
Rhizomes X light 
Time X rhizomes X light 4 
zomes connections had blade growth rates not 
significantly different from controls in Nov. 
This seasonal reduction could have influenced 
the lack of a significant effect of severing on 
NAPP in the second half of our experimental 
period. 
Terrados et al., (1997) found that shoots on 
the severed horizontal rhizomes of C. nodosa 
F value 
6.113 
0.950 
0.496 
0.739 
0.497 
0.611 
0.982 
Pvalue 
0.0003* 
0.385 
0.52 
0.569 
0.738 
0.478 
0.424 
reduced the production of new internodes, 
shoot number, size, leaves per shoot, and leaf 
width of the second youngest leaf. However, 
the elimination of subapical shoots promoted 
the growth of the horizontal rhizome branch-
es. This was interpreted as a mechanism to 
overcome the effects of disturbance and the 
creation of gaps. This mechanism could ex-
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Fig. 6. Leaf length (mm) of oldest leaf as a function of light, rhizome integrity, and time. Bars represent 
±1 SE. 
plain why we did not find significant treatment 
effects on above and belowground biomass, 
leaf number, length or width. 
In our study, 4 mo of shading to about 40% 
ambient light (14% SI) was needed to effect a 
significant reduction in turtlegrass growth rate 
(NAPP), whereas Czerny and Dunton (1995) 
found a negative effect in only 30 d at 14-10% 
surface irradiance. This difference likely re-
sults from seasonal effects, because our exper-
iment took place from May to Oct., the peak 
of the growing season; Czerny and Dunton's 
11
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(1995) study started in Oct., near the end of 
the growing season. In agreement with Czerny 
and Dunton (1995) and Lee and Dunton 
( 1997), we also found a reduction in T. testu-
dinum shoot density as a result of shading. 
A general problem not often discussed, and 
one not easily addressed, is that of knowing 
and correcting for the degree to which rhi-
zome connections exist between experimental 
and unmanipulated plots. For example, rhi-
12
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zome severing may not have had a significant 
effect on any of our response variables because 
in our study area rhizome integration between 
shaded and unshaded plots may have been un-
common. Alternatively, we may have had aver-
age values of rhizome integration, but this was 
simply inadequate to prevent the negative ef-
fects of such substantial shading. The benefits 
of ramet physiological integration are believed 
to be greater where the spatial heterogeneity 
of resource limitation varies on a physical scale 
similar to that of ramet distribution (Alpert 
and Mooney, 1986). In addition, the location 
effect on ramet physiological integration is 
confounded by age-dependent effects on ra-
met integration, complicating the interpreta-
tion of results from field experiments (Tomas-
ko and Dawes, 1990). 
In conclusion, our data suggest that rhizome 
integrity did not substantially affect the re-
sponses to shading that we measured during 
the peak months of the growing season, and 
that previous (and future) turtlegrass shading 
experiments should provide comparable re-
sults whether rhizome connections are intact 
or not. 
ACKNOWLEDGMENTS 
We thank C. Davis, R. Rogers, S. Harter, L. 
Gallagher, M. Goecker, L. Kramer, A. Willman, 
and A. Spivak for their help during field work, 
and G. Chaplin and A. Gunter for technical 
support. E. Solana-Arellano and M. Poumian-
Tapia helped with statistical tests. N. Marba, S. 
V. Smith and two anonymous reviewers provid-
ed comments that greatly improved the man-
uscript. This study was carried out during a 
Fullbright Sabbatical Scholarship granted to 
the first author. Additional support was provid-
ed by the Dauphin Island Sea Lab and the Al-
abama Center for Estuarine Studies. Contri-
bution number 372 of DISL. 
LITERATURE CITED 
ALCOVERRO, T., M. MANZANERA, AND]. ROMERO. 2001. 
Annual metabolic carbon balance of the seagrass 
Posidonia oceanica: the importance of carbohydrate 
reserves. Mar. Ecol. Prog. Ser. 211:105-116. 
ALPERT, P., AND H. A. MOONEY.1986. Resource shar-
ing among ramets in the clonal herb, Fragaria chil-
oensis. Oecologia 70:227-233. 
BACKMAN, T. W., AND D. C. BARILOTTI. 1976. lrradi-
ance reduction: effects on standing crops of the 
eelgrass Zostera ma·rina in a coastal lagoon. Mar. 
Bioi. 34:33-40. 
BUCHANAN,]. B., AND]. M. KAIN. 1971. Measurement 
of the physical and chemical environment, p. 30-
58. In: Methods for the study of marine benthos. 
N. A. Holme and A. D. Mcintyre (eds.). Blackwell 
Scientific Publications, Oxford and Edinbourgh. 
BULTHUIS, D. A. 1983. Effects of in situ reduction on 
density and growth of the seagrass Heterozostera tas-
manica (Martens ex Aschers.) den Hartog in West-
er Port, Victoria, Australia. J. Exp. Mar. Bioi. Ecol. 
67:91-103. 
CzERNY, A. B., AND K. H. DUNTON. 1995. The effects 
of in situ light reduction on the growth of two sub-
tropical seagrasses, Thalassia testudinum and Halo-
dule wrightii. Estuaries 18:418-427. 
DEN HARTOG, C. 1977. Structure, function, and clas-
sification in seagrass communities, p. 89-121. In: 
Seagrass ecosystems. A scientific perspective. C. P. 
McRoy and C. Helfferich (eds.). Marcel Dekker, 
Inc., New York. 
DENNISON, W. C. 1990. Leaf production, p. 77-79. 
In: Seagrass research methods. R. C. Phillips and 
C. P. McRoy (eds.). UNESCO, Paris. 
DUNTON, K. H. 1994. Seasonal growth and biomass 
of the subtropical seagrass Halodule unightii in re-
lation to continuous measurements of underwater 
irradiance. Mar. Bioi. 120:479-489. 
FITZPATRICK,]., AND H. KIRI{MAN, 1995. Effects of pro-
longed shading stress on growth and survival of 
seagrass Posidonia australis in Jervis Bay, New South 
Wales, Australia. Mar. Ecol. Prog. Ser. 127:279-
289. 
FOURQUREAN, J. W., AND J. C. ZIEMAN. 1991. Photo-
synthesis, respiration, and whole plant carbon 
budget of the seagrass Thalassia testudinum. Mar. 
Ecol. Prog. Ser. 69:161-170. 
GoRDON, D. M., K. A. GREY, S. C. CHASE, AND C. J. 
SIMPSON. 1994. Changes to the structure and pro-
ductivity of a Posidonia sinuosa meadow during and 
after imposed shading. Aquat. Bot. 47:265-275. 
GoRSLINE, D. S. 1966. Dynamic characteristics of west 
Florida Gulf coast beaches. Mat~ Geol. 4:187-206. 
HARTNETT, D. C., AND F. A. BAZZAZ. 1983. Physiolog-
ical integration among intraclonal ramets in Soli-
dago canadensis. Ecology 64:779-788. 
HECK, K. L., AND J. F. VALENTINE.1995. Sea urchin 
herbivory: evidence for long-lasting effects in sub-
tropical seagrass meadows. J. Exp. Mar. Bioi. Ecol. 
189:205-217. 
KENT, H. C. 1976. Modern coastal sedimentary en-
vironments. Alabama and Northwest Florida. Geo-
logical Exploration Associates, Ltd., Golden, CO. 
LEE, K. S., AND K. H. DUNTON. 1997. Effects of in situ 
light reduction on the maintenance, growth and 
partitioning of carbon resources in Thalassia tes-
tudinum Banks ex Konig. J. Exp. Mar. Bioi. Ecol. 
210:53-73. 
MARBA, N., J. CEBRIAN, S. ENRIQUEZ, AND C. DUARTE. 
1996. Growth patterns of Western Mediterranean 
seagrasses: species-specific responses to seasonal 
forcing. Mar. Ecol. Prog. Ser. 133:203-215. 
NEVERAUSKAS, V. P. 1988. Response of a Posidonia 
community to prolonged reduction in light. 
Aquat. Bot. 31:361-366. 
ONUF, C. P. 1996. Seagrass response to long-term 
light reduction by brown tide in upper Laguna 
13
Ibarra-Obando et al.: Response of Turtlegrass to Natural and Reduced Light Regimes Unde
Published by The Aquila Digital Community, 2005
210 GULF OF MEXICO SCIENCE, 2005, VOL. 23(2) 
Madre, Texas: distribution and biomass patterns. 
Mar. Ecol. Prog. Ser. 138:219-231. 
RAKOCINSKI, C. F., R. W. HEARD, S. E. LECROY, J. A. 
McLELLAND, AND T. SIMONS. 1993. Seaward change 
and zonation of the sandy-shore macrofauna at 
Perdido Key, Florida, USA. Estuarine Coastal Shelf 
Sci. 36:81-104. 
RAKOCINSKI, C. F., R. W. HEARD, S. E. LE CROY, J. A. 
McLELLAND, AND T. SIMONS. 1996. Responses by 
macrobenthic assemblages to extensive beach res-
toration at Perdido Key, Florida, U.S.A. J. Coast. 
Res. 12:326-353. 
REY,J. R., AND F. C. STEPHENS.1996. Effects of shading 
and rhizome isolation on soluble carbohydrate lev-
els in blades and rhizomes of the seagrass Syrin-
godium jiliforme. Gulf Mex. Sci. 14:4 7-54. 
Rurz, J. M., AND J. ROMERO. 2001. Effects of in situ 
experimental shading on the Mediterranean sea-
grass Posidonia oceanica. Mar. Ecol. Prog. Ser. 215: 
107-120. 
Shafer, D. J. 1999. The effect of dock shading on the 
seagrass Halodule wrightii in Perdido Bay, Alabama. 
Estuaries 22:936-943. 
SCHROPP, S. J., F. D. CALDER, G. M. STONE, AND K. 0. 
SWANSON. 1991. A report on physical and chemical 
processes affecting the management of Perdido 
Bay: Results of the Perdido Bay Institute Project. 
Florida Department of Environmental Regula-
tions, Tallahassee, FL. 
TERRADOS, J., C. M. DUARTE, AND W. j. KENWORTHY. 
1997. Is the apical growth of Cymodocea nodosa de-
pendent on clonal integration? Mar. Ecol. Prog. 
Ser., 158:103-110. 
TOMASKO, D. A., AND C.J. DAWES. 1989. Evidence for 
physiological integration between shaded and un-
shaded short shoots of Thalassia testudinum. Mar. 
Ecol. Prog. Ser. 54:299-305. 
TOMASKO, D. A., AND C. J. DAWES. 1990. Influences 
of season and water depth on the clonal biology 
of the seagrass Thalassia testudinwn. Mar. Bioi. 105: 
345-351. 
VALENTINE, J. F., AND K. L. HECK JR. 2001. The role 
of leaf nitrogen content in determining turtlegrass 
( Thalassia testudinum) grazing by a generalized 
herbivore in the northeastern Gulf of Mexico. J. 
Exp. Mar. Bioi. Ecol. 258:65-86. 
VALENTINE,]. F., K. L. HECK JR., K. D. KIRSCH, AND D. 
WEBB. 2000. Role of sea urchin Lytechinus variega-
tus grazing in regulating sutropical turtlegrass 
Thalassia testudinum meadows in the Florida Keys 
(USA). Mar. Ecol. Prog. Ser. 200:213-228. 
WEAR, D. J., M. J. SULLIVAN, A. D. MOORE, AND D. F. 
MILLIE. 1999. Effects of water-column enrichment 
on the production dynamics of three seagrass spe-
cies and their epiphytic algae. Mar. Ecol. Prog. Ser. 
179:201-213. 
(SEI-O)CENTRO DE INVESTIGATACION CIENTIFICA 
Y DE EDUCACION SUPERIOR DE ENSENADA (CI-
CESE), U.S. MAILING ADDREss: P.O. Box 
434844, SAN DIEGO, CALIFORNIA 92143-4844; 
(KLH AND PMS) DAUPHIN ISLAND SEA LAB, 
101 BIENVILLE BOULEVARD, DAUPHIN ISLAND, 
ALABAIVIA 36528. Date accepted February 23, 
2005. 
14
Gulf of Mexico Science, Vol. 23 [2005], No. 2, Art. 7
https://aquila.usm.edu/goms/vol23/iss2/7
DOI: 10.18785/goms.2302.07
